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ZONATION PATTERNS IN THE VASCULAR PLANT COMMUNITIES
OF BENTON HOT SPRINGS, MONO COUNTY, CALIFORNIA
Jack D. Brotherson' and Samuel R. Rushforth'

Abstract

—Vascular plant communities surrounding Benton Hot Springs, Mono County,

California, were studied.
comprised of two thermal springs, a thermal stream, and a cooling pond. Water temperatures
varied from 57 C in one hot spring to 45 C at the cooling pond. The vegetation showed concentric zones about the
springs and cooling pond and parallel zones beside the stream. Each zone demonstrated its own dominant plant species
with some species being present in two or more zones. A total of six zones were identified plus an algal mat on the
springs themselves. Soil factor patterns varied from spring to desert as did vegetational parameters. Soil moisture
appeared responsible for most of the patterns observed.

The

springs complex

is

Thermal springs are common throughout
western North America. They occur in a variety of elevations and habitat types and are
popular sites for recreation. The waters of
thermal systems vary widely in temperature
and mineral content (Loam 1980). It is common for such springs to contain high levels of
dissolved minerals, some of which should exert influence on the surrounding vegetation.
The ecology of vascular plant communities
surrounding thermal springs is not well
known. Meadow vegetation surrounding
warm springs in the Great Basin of western
North America has been described by Bolan
(1964). Bolan studied vegetation surrounding
at

observed patterns. As distance from

the springs increased,

increased and

salt levels in

the

soil

moisture decreased. Halophytic species generally increased with distance from the spring sources.
Literature treating the ecology of meadow
vegetation arising from thermal springs is
nearly absent. This paper attempts to add information to our knowledge of these interesting and distinct ecosystems by describing the
vegetative zonation patterns surrounding hot
springs near Benton, Mono County, California (Fig.

soil

1).

Study Site

Fish

Springs National Wildlife
Refuge, Tooele County, Utah, where he discussed 10 community types. The zonation
patterns surrounding these springs were predominantly influenced by soil salinity.
Ran well (1973) stated that soil structure,
springs

for the

soil particle size,

and

soil

moisture were im-

portant factors in determining growth and
zonation of vascular plants in marsh habitats.
In addition, Skougard

and Brotherson (1979)

discussed the influence of soil moisture, pH,
and soluble salts on several distinct vegetation
zones in playa meadows in central Utah. They

found that salinity had the greatest influence
on community structure, followed by soil
moisture.

Shupe et al. (1986) examined the vegetation
patterns surrounding several cold springs in
Utah County, Utah. These authors found that
soil moisture and salinity largely accounted

The Benton thermal area is comprised of
two thermal springs, a thermal stream, and a
The first spring is hot, with
57 C. This spring, approximately 3 m
in diameter, is drained by a stream flowing at
an initial temperature of 57 C that cools to 45
C at the cooling pond. Following cooling, the
water is used for irrigation. The second spring
is cooler and larger, with a temperature of 33
C and a diameter of 10 m. This spring also
cooling pond.

water

at

drains into the stream.

The thermal complex
rounded by

at

Benton

is

sur-

meadow

with well-developed
zonation patterns. Vegetation surrounding
the hot spring occurs in two major zones.
Zonation patterns around the warm spring,
a

stream, and cooling pond are more extensive,
with four zones evident. In addition to the
zonation evident in the vascular plants, all of
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Fig.

1.

Map of study

site at

Benton,

Mono County,

California.
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Fig. 2. Diagram of the vegetation patterns surrounding the hot and warm springs of the Benton Hot Springs complex.
The As represent an overview and the Bs a profile \ iew. The zones, fisted h\ common name, relate to scientific names
as follows: saltgrass {Distichlis spicata), Bermuda grass (Cynodon dactijhm
olen\- three-s(juare {Scirpus amehcamis),
),

spikerush {Eleocharis palusths). and mixed-species meaclow.

the aquatic areas showed well-developed algal
mats.

Methods

Meadow vegetation was sampled using ten
15-m transects placed within each major zone
surrounding the springs, stream, and cooling
pond. Ten 0.25-m" quadrats were placed every 3 m along the transect. Data taken at each
quadrat included total cover, cover by life
form (Ostler 1980), and cover by species
(Daubenmire 1959). Vegetation around each

spring was visually

mapped by

zone.

temperatures were determined
according to zone by taking several temperatures and averaging the readings. A moisture
index for the soils of each zone was assigned
using the following scale: 1 = dry, 2 = moist, 3
= wet, 4 = seasonally inundated, and 5 =
submerged (Brotherson and Evenson 1982).
Two composite soil samples per zone were
obtained for laboratory analyses by pooling
a total of three samples from the top 20 cm
of soil of each zone. These samples were
analyzed for te.xture (Bouyoucos 1951), pH,
Soil surface
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salts, and mineral content. Soil reacwas taken with a glass electrode pH meTotal soluble salts were determined with

soluble
tion
ter.

a

Beckman

1:1

electrical conductivity bridge.

used
Soils

A

1948) was

g/v soil-water paste (Russell

to determine pH and total soluble salts.
were extracted with a neutral 1.0 normal

ammonium

acetate solution for the analysis of

calcium, magnesium, potassium, and sodium
Qackson 1958, Hesse 1971, Jones 1973). Zinc,

manganese, iron, and copper were extracted
from the soils by use of DTPA (diethylenetriamine-pentaacetic acid) extracting agent
(Lindsay and Norvell 1969). Individual ion
concentrations were determined using a
Perkin-Elmer Model 403 atomic absorption
spectrophotometer (Isaac and Kerber 1971).
Soil phosphorus was extracted by sodium bicarbonate (Olsen et al. 1954). Total nitrogen
analysis was made using macro-Kjeldahl procedures (Jackson 1958).
Plant nomenclature follows Munz (1968) for
the dicotyledons and Cronquist et al. (1977)
for the monocotyledons. Prevalent species
were determined for the meadow following
Warner and Harper (1972). Species diversity
(MacArthur and Wilson 1967) was determined
for each zone. Niche breadth was computed
for each species and niche overlap was deter-

mined

for all possible species pairs (Colwell

and Futuyma

1971). Species were clustered
according to the similarity of their occurrence
in various zones of the study area. Cluster
analysis was applied to niche overlap values
(Sneath and Sokal 1973).
Data analysis consisted of computing
means, standard deviations, and coefficients

of variation for

measured

biotic

and

abiotic

variables (Ott 1977). Interspecific association

patterns

between plant species were com-

puted using Cole's Index

(1949).

Results and Discussion
Zonation patterns surrounding the Benton
Springs are shown in Figure 2. In general, the
zones formed concentric bands surrounding
the open waters of the springs and parallel
bands along the stream. These zones were
related to the amount of water present in the
soils. The hot spring showed two major terrestrial zones plus an algal mat at the edge of the
open water. The warm spring had a more
complex pattern of vegetation with four zones

Vol. 47, No. 4

Table L Soil factors of the major vegetation zones
found surrounding Benton Hot Springs. Zonation begins
with the open water (I)* of the spring and progresses
outward to the saltgrass meadow (V) next to the desert.
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Table 2. Site factors of the major vegetation zones found surrounding Benton Hot Springs. Zonation begins with the
open water of the spring (I) and progresses outward to the sahgrass meadow (V) next to the desert.
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Conyza canadensis
Salix exigua

Bromus tectorum
Chrysothamnus nauseosus
Distichlis spicata

Juncus

balticus

Eleocharis acicularis
'

B

-

C

Polypogon monspeliensis
Carex praegracilis

Rosa woodsii
Haplopappus acradenius
Muhlenbergia asparifolia
Eleocharis rostellata

Poa navadensis
Scirpus pungens
Eleocharis palustris

Cynodon dactylon
E

Epilobium adenocaulon

}

Halogeton glomeratus

>

F

>

H

Bromus rubens
Erodium cicutarium
Vulpia octoflora

Sporobolus airoides
Scirpus americanus

Fig. 3. Cluster dendrogram of plant species occurring in the study area grouped on the basis of niche overlap. Niche
overlap values were based on frequency data relative to a species geographical distribution.

important species was Distichilis spicata,

fol-

lowed by Muhlenbergia asperifolia, Cynodon
dactylon, and juncus balticus. The distribution patterns oi Distichilis spicata and Cynodon dactylon are of interest. Away from the
influence of the thermal water, these species

grew intermingled. However, near the
C. dactylon formed a monospecific
zone that was replaced by D. spicata just centimeters away from the hot water. The natural

often

water,

distribution of D. spicata ranges into areas of

the western U.S.

tend

to

where

climatic conditions

be cold over much of the year. In

contrast, the natural distribution of C. dacty-

lon ranges across

much

of the southern U.S.

water and

its

competitive edge under such

conditions near the spring are understandable.

Starting at the open water of the spring and
moving toward the desert, a distance of some
100 m, a distinct moisture gradient is apparent. The major species in the vegetation sort
well along this gradient. The dominant species of this zonation pattern are shown in Figure 4. In the open-water areas, lily pads and
algal mats dominate. The zones at the water's
edge are generally single-species dominated

and

include

Scirpus

Eleocharis palustris.

americanus

and

Through the middle

portion of this moisture gradient, several spe-

and drier part

where the climate is mostly hot and humid
and where frosts are rare. Since C. dactylon is

cies are important. In the outer

adapted to such environments,

by one or two taxa, with D. spicata increasing
in importance away from the springs.

to

its

response

the elevated heat levels of the spring

of the gradient, the zones are again dominated
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Table 3. Average percent cover values of plant species associated with major vegetation zones surrounding Benton
Hot Springs. Zonation starts at the open water of the spring (I) and progresses outward to the saltgrass meadow (V) next
to the desert.

Vegetation zone
Species

Scirpus americanus
Eleocharis palustris

Muhlenbergia asperifolia
Juncus balticus
Scirpus pungens
Eleocharis rostellata

Haplopappus acradenius
Pohjpogon monspeliensis
Poa navadensis

Cynodon dactylon
Distichlis spicata

Eleocharis acicidaris

Epilobium adenocaulon
Chrysothamnus nauseosus
Bromus tectorum
Carex prae gracilis
Rosa woodsii
Halogeton glomeratiis
Brotnus rubens
Sporobolus airoides

Erodium cicutarium
Vulpia octiflora

Conyza canadensis
Artemisia ludoviciana
Salix exigua

III

97.5

3.5

IV
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Table

4.

Vol. 47, No. 4

Cole's Index values expressing positive and/or negative interspecific association

between species found

adjacent to Benton Hot Springs.

Species

Species

Artemisia ludoviciana

Brojnus tectorum

Bromus rubens

Bromus tectorum

Carex praegracilis

Chrysothamnus nauseosus
Conijza canadensis
Cynodon dactylon

Distichlis spicata

Eleocharis pahistris

Eleocharis rostellata

Erodium cicutarium
Halogeton glomeratus

Polypogon monspeliensis

x-

Ct"

SD,'
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Fig. 4. Schematic diagram of vegetation patterns in the meadows surrounding the hot and warm springs complex at
Benton, Mono County, Cahfornia. Listed are the major dominants of each zone in relation to their placement along a
moisture gradient beginning at the spring and ending in the desert.

Table 5. Prevalent species associated with the vegetasurrounding Benton Hot Springs along with their
importance values; the P x C index is based on percent
presence of a species in the different zones multiplied by
tion

its

mean cover across

Species

all

zones.

p

